Composite cement is hydraulic cement composed of Portland cement and one or more inorganic materials that take part in the hydration reactions and thereby make a substantial contribution to the hydration product. The inorganic materials will be called mineral additions; other terms, such as supplementary cementing materials (SCMs), are also used. The most important are fly ash, ground granulated blastfurnace slag and silica fume. The mineral addition may be ground together with the cement clinker and gypsum, or mixed with Portland cement when the latter is used. These procedures are called intergrinding and blending respectively.
INTRODUCTION
Blast-furnace slag varies greatly in composition and physical structure depending on the processes used and the method of cooling of the slag [1] . For use in the manufacture of blast furnace cement the slag has to be quenched so that it solidifies as a glass and crystallization being largely prevented. This rapid cooling by water results also in a fragmentation of the material into a granulated form [2] .
Blast furnace slag is formed as a liquid at 1350−1550 °C in the manufacture of iron; limestone reacts with materials rich in SiO 2 and Al 2 O 3 associated with the ore or present in ash from the coke. If allowed to cool slowly, it crystallizes to give a material having virtually no cementing properties. If cooled sufficiently rapidly to below 800 °C , it forms a glass, which is latent hydraulic cement. Cooling is most often effected by spraying droplets of the molten slag with high-pressure jets of water. This gives a wet, sandy material which when dried and ground is called ground granulated blast furnace slag and often contains over 95% of glass [2] .
The suitability of a slag for use in composite cement depends primarily on its reactivity, though grindability and content of undesirable components, especially chloride, must also be considered [2, 3] . Reactivity mainly depends on composition, glass content, fineness of grinding, and curing temperature [3, 4] .
Many XRD studies have shown that the principal hydration products are essentially similar to those given by pure Portland cements, but the quantities of CH found are in varying degrees lower than those which would be given by the Portland cement constituent. The Portland cement components of a Portland slag cement hydrates in the normal manner and it appears that the calcium hydroxide thus liberated gives the correct alkalinity needed to provide a "starter" for the hydration of the granulated slag. However, the further hydration of the slag is direct and does not depend on combination with lime. Thus the hydration products of slag cement are similar to those of pure Portland cement pastes, apart from lower CH contents [2] . Also, the microstructure of paste, mortar and concrete made with slag cement is characterized by its densification and the reduction in pore size especially at the transition zone between aggregate and the bulk cement paste [5, 6] .
The rate of hardening of Portland blast-furnace cement is slower during the first 28 days, and therefore adequate curing is of great importance; the strength requirements are therefore lower than for ordinary Portland cement [2, 4, and 7] . Because of its fairly dense microstructure, reduction of pore size distribution, and low C 3 A content Portland blast-furnace cement is frequently used in seawater , May 18 -16 . Conf ICCAE th 6 Proceedings of the ٢٣٦ construction and for improving corrosion resistance of concrete structures exposed to aggressive environments [8] [9] [10] [11] . The relatively low energy requirement in the manufacture of Portland blast-furnace cement may be of interest in these energyconscious times, and this cement is already extensively used in many countries, which have a large production of slag. For instance, in the Netherlands, 60 per cent of all cement used is of the Portland blast-furnace type [7] . 
OBJECTIVE
The study aims to investigate the effect of slag replacement level on concrete durability. An experimental program is designed to study the different properties of slag cement concrete. The durability and performance (mainly compressive strength, modulus of elasticity, Corrosion resistance, absorption, sorptivity, sulphate resistance and chloride diffusion) of slag cement concrete will be investigated.
EXPERIMENTAL WORK

Materials
Four locally available cements were used in this study. All cements satisfy the requirements of the ESS. The chemical composition is given in 6 Proceedings of the ٢٣٧ The cements were mixed together in various ratios in order to change the slag replacement level. The coarse aggregate was natural crushed stone from Attaqa quarries of nominal size of 19 mm, a specific gravity of 2.60, absorption % of 1.1%, and Los Anglos value of 23.1%. The used sand was natural siliceous sand with a specific gravity of 2.6, and fineness modulus of 2.5
Program and Mixtures Proportions
Eight mixes were used with 400 kg/m 3 cement content for each mix. The used cements were mixed in various ratios in order to have different slag level proportions. Table 2 shows the mix proportions, and the different characteristics of the mixes. The reference mixes are denoted O, F, S, HS, FS1, FS2, FHS and OHS with respect to the cement type in each mix. The experimental program is shown in Figure ( 
Testing
Six cube specimens (158 x 158 x 158 mm) were tested in compression at each test age (3, 7, 28, 90, 180 and 360 days).
Absorption test was carried according to ASTM C642. The specimens used for this test were concrete discs (diameter 100mm and height of 50mm) cut from the middle height of the specimens cored from slabs. Three specimens were tested at each test age (90, 180 and 360 days).
Sorptivity test was carried according to ASTM C1585. Three specimens were tested from each mixes for each test age (28, 180 and 360 days). The used specimens were concrete discs 50mm height and 100mm in diameter.
"Lollipop" specimens (a 100mm diameter and 200mm length concrete cylinder in which steel reinforcement bars of 10mm diameter were embedded) were used to test the corrosion resistance using an accelerated corrosion cell. Testing was conducted at 180 days and 360 days of age.
Sulphate resistance test was conducted on concrete cubes (150 x 150 x 150 mm) which were immersed in a 2.0% and 5.0% of Magnesium Sulphate (MgSO 4 ) solution.
The compressive strength loss due to sulphate attack was determined at different time intervals to examine the sulphate resistance of the concrete mixes. Six specimens were tested at 90, 180 and 360 days of immersion in the solution.
The CTH rapid method adopted by Luping [12] was used to evaluate the chloride diffusion of the concrete mixes. The test involves applying a potential of 30-40 VDC across a 50mm thick specimen for a specified test duration, then splitting the specimen , May 18 -16 . Conf ICCAE th 6 Proceedings of the ٢٣٩ and measuring the penetration depth of chlorides by using a colorimetric method (silver nitrate becomes silver color when exposed to chloride). The experimental arrangement of the CTH rapid method is shown in Figure (3) . The specimen is positioned at an angle in order to avoid the accumulation of small gas bubbles from the cathodic reaction. Six concrete discs of 100mm in diameter and 50mm in height were tested for each test age (90, 180 and 360 days).
The diffusion coefficient can be obtained by using the following equations [12] : The rate of hydration of slag cements is slower during the first 28 days; therefore the compressive strength is lower compared to the cements having no slag. As the slag replacement level increases the reduction in the 28 days strength is higher. However, at later ages -due to continuity of hydration -compressive strength of slag cement is higher, and the increase depends on the slag content. 
Absorption test
Figure (5) shows absorption values at different test ages for the tested concrete mixes. At late age (180 and 360days) mixes incorporating slag showed higher rate of decrease in absorption values. The decrease in absorption value depends on the % of slag in the mix. It was found that, as the slag % in the mix increased the higher the reduction in absorption value with age. Proceedings of the ٢٤١ days value. The reduction could be attributed to the continuation of the reaction of the slag and the densification of the microstructure due to its pozzolanic effect and the refinement of the pore structure. Figure (7) shows the effect of slag replacement level on the sorptivity value (S) for different mixes concrete at 360 days of age and the percentage reduction in the sorptivity values with respect to the 90 days values.
Sorptivity test
The concrete mixes showed a behavior similar to the absorption test results. The sorptivity values showed significant reduction with age especially for the concrete mixes incorporating slag. The percentage reduction mainly depends on the slag replacement level. This is expected as sorptivity test measures the rate of capillary suction into concrete through large capillary pores, and these pores are refined and made discontinuous due to the continuation of hydration of slag and the densification of the microstructure. Mixes incorporating slag showed higher rate of decrease in diffusion coefficient values especially at late ages. The decrease in diffusion coefficient value depends on the % of slag in the mix. It was found that, as the slag % in the mix increased the reduction in the absorption value is significant at late ages. Figure (9 
CTH chloride diffusion test
Corrosion resistance test
The time required to crack the specimens in the accelerated corrosion test (i.e. corrosion time) was used as a measure of the corrosion resistance of the concrete mixes. Figure (10) shows the normalized corrosion time with respect to the OPC mix at the ages (180 days and 360 days) Concrete mixes using OPC and SRPC showed marginal increase in the corrosion resistance with respect to the other mixes containing slag, while mixes incorporating slag showed significant increase in corrosion resistance especially at late age. The increase magnitude depends on the % of slag in the mix. It was found that, as the slag % in the mix increased the improvement in corrosion resistance increased.
SRPC mix showed the lowest corrosion resistance among the test concrete mixes, this could be attributed to the low C 3 A content of the cement and its effect on chloride binding and chloride induced corrosion. Although C 3 A content was reduced on using slag as a replacement of the cement, the chloride induced corrosion resistance was improved; this could be associated to the pozzolanic effect of slag which improves the densification of the microstructure and refines the pore structure. The effect of slag was notable at late ages due to the continuation of the pozzolanic effect and improvement in microstructure and pore distribution. Figures (11 and12) show the % of compressive strength values after immersion in MgSO 4 solution with respect to those for water exposed specimens for different concrete mixes immersed in 2% and 5% MgSO 4 solutions respectively.
Sulphate resistance test
It could be seen from test results that, the reduction in compressive strength increase with immersion period in the sulphate solution. The reduction in strength is higher when the concrete mixes are exposed to 5% MgSO 4 than the 2% MgSO 4 solution. Also, the increase in slag replacement level improved the resistance of concrete to the sulphate attack. 
Mix code % Fc (2% MgSo4) w.r.t.water exposed specimens
Immersion period 90 days Immersion period 180 days Immersion period 360 days Figure 11 : % of compressive strength with time with respect to water exposed specimens for different concrete mixes immersed in 2% MgSO 4 .
CONCLUSIONS
-Slag cement is recommended to be used in structure where durability is the main concern since using slag improved corrosion resistance, sulphate resistance, water penetration resistance and chloride diffusion. The improvement depends on the cement type and the slag level. -Concrete mixes using SRPC and slag showed marginal increase in chloride induced corrosion resistance with respect to the other mixes. Figure 12 : % of compressive strength with time with respect to water exposed specimens for different concrete mixes immersed in 5% MgSO 4 .
-Concrete mixes using SRPC and slag showed better sulphate resistance. -
The effect of slag was notable at late ages due to the continuation of the pozzolanic effect and improvement in microstructure and reduction of pore size. -Incorporation of slag with any level requires great attention to curing owing to the slower rate of hydration, and this care is more significant with high slag levels. 
